Background: Coronary artery disease is the main cause of death in Brazil. In the Brazilian public health system, the in-hospital mortality associated with acute myocardial infarction is high. The Minas Telecardio 2 Project (Projeto Minas Telecardio 2) aims at implementing a myocardial infarction system of care in the Northern Region of Minas Gerais (MG) to decrease hospital morbidity and mortality. The aim of this study was to describe the profile of the patients with acute coronary syndrome (ACS) cared for in the period that preceded the implementation of the system of care.
Introduction
Myocardial infarction (MI) is the main cause of death in Brazil (8.8% in 2012) 1 and worldwide. 2 In Brazil, the mortality of patients with MI is higher in the public health system when compared with the mortality observed in the private system. 3, 4 This occurs because MI patients cared for in the public health system face challenges to have access to intensive care units, methods of reperfusion, and effective therapeutic measures established for MI.
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The aim of this study was to describe the clinical and epidemiological profile of patients with acute coronary syndrome (ACS) cared for in the Northern Region of MG, with emphasis on quality indicators and evaluation of outcomes in individuals treated in the hospital emergency system who participated in the Minas Telecardio 2 Project (Projeto Minas Telecardio 2).
Methods The Minas Telecardio 2 Project
This research project was developed by the Telehealth Network of Minas Gerais (Rede de Teleassistência de Minas Gerais), a partnership of six public universities in MG, coordinated by the University Hospital at the Universidade Federal de Minas Gerais. The project consisted in implementing an MI system of care in the Northern Region of MG, according to the Directive Number 2994 of December 2011 by the Brazilian Ministry of Health. 7 The design of this study was quasi-experimental, conducted in three phases: establishment of a baseline, implementation of the MI system of care, and re-evaluation of indicators after implementation. All phases are complete.
The first phase, analyzed in this study,consisted of a prospective cohort of all cases of confirmed ACS diagnoses that presented via the Brazilian public health system (Sistema Único de Saúde, SUS) from June 19, 2013 , to March 31, 2014 , and that were admitted at one of the six Montes Claros emergency departments, where patients with ACS were routinely referred to in the region.
Structure of myocardial infarction care in the Extended Northern Region of Minas Gerais
The Northern Region of MG is covered by the prehospital service (Serviço de Atendimento Móvel de Urgência, SAMU). This service is organized within the region, distributed in 37 bases with seven advanced ambulances (unidade de suporte avançado, USA), 40 basic ambulances (unidade de suporte básico, USB) and an intercept vehicle ( Figure 2 ).
Montes Claros is the main city of the region and concentrates the care of MI patients, routinely receives patients referred from other cities. Montes Claros has three high complexity hospitals (Santa Casa, Dilson Godinho, and Aroldo Tourinho) with four cathlabs, coronary care unit, and cardiovascular surgery, cardiology, and catheterization teams for caring the public health system. In addition to these hospitals, which are considered level I in MI care, 13, 15 Montes Claros also has a level II hospital (Hospital Universitário Clemente de Faria), a municipal emergency service (Hospital Alpheu de Quadros) with a structure similar to an immediate care unit, and a hospital covered by SUS for elective care, occasionally sought by patients with MI. The hospital network in the area outside Montes Claros comprises 18 regional hospitals (three level II, four level III, and 10 level IV hospitals (Figure 2 ). 
Data collection
A surveillance system at the SAMU and in the six emergency departments of Montes Claros was established. Using standardized protocols, trained nurses and medical students interviewed the patients admitted to the hospitals and collected their clinical data from medical records. The patients were followed up until hospital discharge. All forms were revised by a specialist (BM).
Among 1016 evaluated patients, 593 had a confirmed diagnosis of ACS and were included in the study. Based on international criteria, these patients were classified as having STEMI, non-ST elevation MI (NSTEMI), or unstable angina (UA). [16] [17] [18] The occurrence of risk factors or comorbidities was recorded, including previous MI (< 90 days = recent, ≥ 90 days = remote), coronary artery bypass graft (CABG) or previous angioplasty, Chagas disease, hypertension (determined from a self-reported diagnosis or use of antihypertensive medication), dyslipidemia, diabetes mellitus, smoking, chronic renal failure requiring dialysis, and family history of coronary artery disease, which was considered positive in patients with a male first-degree relative presenting MI when aged ≤ 55 years or a female first-degree relative presenting MI when aged ≤ 65 years.
We also analyzed the patients' place of provenance and the type of transportation that brought them to the center in Montes Claros.
Quality measures and outcomes
We evaluated the quality indicators recommended by the guidelines of the American Heart Association (AHA) / American College of Cardiology (ACC): 19, 20 • Implementation and type of reperfusion therapy;
• Medications administered within the first 24 hours and at hospital discharge;
• Time until treatment implementation.
We evaluated the administration of the following medications within 24 hours: aspirin, P2Y 12 inhibitors (clopidogrel or ticagrelor), heparins (unfractionated or low-molecular-weight), statins, and angiotensin-converting enzyme inhibitors (ACEI) or angiotensin II receptor blockers (ARB). We also evaluated the administration of all the medications above but heparin at hospital discharge.
We analyzed the following time points: prehospital service response time (time between the call and arrival at the location of the service), total duration of prehospital transportation (prehospital service response time + time from the location of care to the hospital in Montes Claros), door-to-ECG time (in patients who underwent ECG in Montes Claros), door-to-balloon time, door-to-needle time, and total ischemia time (time elapsed from pain onset to medical care + door-to-balloon or door-to-needle time). We did not evaluate the door-to-balloon and door-to-needle times, or the total ischemia duration in patients in whom clinical treatment was recommended.
The outcomes evaluated included total mortality (during prehospital and in-hospital care), in-hospital mortality, time from hospitalization to death, major bleeding according to the TIMI classification, 21 and hemorrhagic stroke.
Ethical aspects
The study was approved by the Ethics Research Committee of the involved institutions (protocol number 260/09) and was conducted according to the Declaration of Helsinki and Resolution 196/96, which was effective when the study was approved. All patients and representatives of each unit provided informed consent to participate in the study.
Statistical analysis
Continuous variables are presented as mean ± standard deviation or median (interquartile range), and categorical variables are presented as frequency (%). We used the Kolmogorov-Smirnov test to evaluate the normality of the distribution of continuous variables. Time to treatment in patients with and without an outcome in the STEMI subgroup was compared with Student's t test or Mann-Whitney test, depending on their distributions. Two-tailed p values < 0.05 were considered statistically significant. All analyses were performed with the software SPSS version 20.0 (SPSS Inc., Chicago, IL, USA).
Results

Patients with acute coronary syndrome
During the study period, 593 patients were admitted with a diagnosis of ACS, including 51.6% with UA, 36% with STEMI, and 12.3% with NSTEMI. The mean age of the patients was 63 ± 12 years and 67.6% were men. Table 1 shows the participants' comorbidities and risk factors, municipality of origin, and type of transportation.
A total of 72 patients received exclusively clinical treatment, including 59 with UA, 10 with STEMI, and three with NSTEMI.
Overall, 355 (59.8%) patients underwent revascularization, including angioplasty in 250 and CABG in 105 individuals. Seventeen patients underwent revascularization of the culprit artery which was followed by CABG later on during hospitalization. Table 2 shows the medications administered within 24 hours and at hospital discharge. Of 181 patients who did not receive beta-blockers within 24 hours, 39 (21.5%) had contraindications for that, including 15 with cardiogenic shock, 12 who were in Killip class 2, and 12 with heart rates (HR) < 60 beats/minute. The remaining 142 (78.5%) patients were in Killip class I or had UA and presented HR > 60 beats/minute.
Ten patients had hemorrhagic complications, including nine major bleeding episodes according to the TIMI classification 21 and one hemorrhagic stroke; these patients were discharged without aspirin or a P2Y 12 inhibitor. The mortality of all patients with ACS was 9.4% and the median time from hospitalization to death was 9 (2-19) days.
Patients with STEMI Table 3 shows the time points analyzed in 204 patients with STEMI (excluding those who died before arriving at the hospital). Overall, 57.5% of the patients had pain duration shorter than 12 hours and 46.0% underwent reperfusion therapy, including primary angioplasty in 88 and thrombolysis in six (Figure 3 ). In the patients elegible for revascularization, reperfusion therapy occurred in 70.6%. Among patients who underwent primary angioplasty, 37.5% had undergone the procedure with a door-to-balloon time greater than 90 minutes. All 82 (42.5%) patients with pain duration greater than 12 hours underwent angioplasty, including 11 patients (5.4% of the total) with cardiogenic shock, 22 (10.8%) with pain recurrence and 49 (24.0%) who presented an occluded artery (TIMI 0), had no pain recurrence, and were asymptomatic.
Regarding antiplatelet drugs in patients with STEMI, 95.1% received aspirin within 24 hours and 93.5% received it upon discharge. A P2Y 12 inhibitor was administered within 24 hours to 88.7% of the patients and at discharge to 75.1% of them. A total of 73.1% of the patients received heparin, and 68.1% received beta-blockers within 24 hours. Of the 48 (31.9%) patients who did not receive beta blockers, 30 had no contraindications for that and were in Killip class I.
The total number of deaths among the 214 patients with STEMI was 45 (21.0%), including ten (4.6%) that occurred in prehospital care and 35 (17.2%) during hospitalization. The median time from hospitalization to death was 3 (1-15) days.
Discussion
This study reveals the aspects of ACS treatment away from large Brazilian metropolitan centers, providing information regarding the presentation of the disease and current health care practices in this territory. Our main findings included an increased in-hospital mortality, low reperfusion rates, and excessive treatment with primary angioplasty, even when the transportation time was greater than that recommended by the guidelines, reducing the benefits of primary angioplasty over thrombolysis. In some cases, angioplasty was performed even when the ischemia duration was greater than 12 hours and without symptoms. In addition, we observed a poor adherence to MI quality indicators.
Similar to findings of other ACS registries 22 and the Brazilian Registry of Acute Coronary Syndrome -(Registro Brasileiro de Síndrome Coronariana Aguda, ACCEPT), UA was the most frequent diagnosis (51.7%), followed by STEMI (33.8%), and NSTEMI (12.3%). 23 However, the prevalence of NSTEMI may have been underestimated, since the troponin assay (cTnI One Step Troponin I Test Device) used for diagnosis in the region is qualitative and has a cutoff value of 0.5 ng/mL. With the use of more sensitive troponin assays, the number of cases of NSTEMI should increase and those of UA should decrease, as described in the literature. 24 In this study, the in-hospital mortality associated with STEMI was 17.2%, which was above that observed in national and international ACS registries (about 8%). 10, 23, 25 However, both these registries -ACCEPT and Global Registry of Acute Coronary Events (GRACE) -included patients cared for in specialized tertiary centers. Of 23 centers participating in the ACCEPT registry, four were private, 15 were philanthropic, and four were public. In addition, all centers had coronary units and catheterization laboratories qualified to perform percutaneous coronary intervention procedures. 23 The Human Development Index (HDI) of the state of MG is 0.731, but the Northern Region of MG, in contrast with the rest of the state, has an index comparable to that of the poorest states in Brazil. 13 The municipalities in the region also have important differences in HDIs, ranging from 0.770 in Montes Claros to 0.537 in Bonito de Minas, with an average index of 0.691 in the region. 13 In 2010, the illiteracy rate in the region was 15.8% and reached 37.2% in some municipalities. 13 The municipality of Montes Claros functions as a regional municipality polo. More than half of the beds in hospitals covered by SUS are concentrated in small centers with low-technological density, low institutional qualifications, and consequently, precarious resolving capability. 13 Most roads are still unpaved, and the transportation to the site of medical care in some municipalities requires ferry boats. 13, 14 These particularities impose challenges to the transportation between municipalities.
In order to solve the problem of long distances and lack of ambulances with advanced support, the SAMU teams have organized a system of ambulance interception in which the patients exchange ambulances (from one with basic to another with advanced support, or from one with advanced support to another, also with advanced support, belonging to a different micro region) to transport these patients to locations with more resources to stabilize their conditions and continue their treatments.
14 However, this maneuver prolongs the transportation time, since it demands time to wait for the ambulance and then to move the patient to another ambulance. This logistical complexity observed in the region delays the implementation of treatment and may have reflected in the high mortality indices observed in our study.
We observed a low (46%) reperfusion rate in patients with STEMI. This reflects the type of treatment that was used in the region, with underutilization of prehospital thrombolysis and centralization of the treatment in Montes Claros, where primary angioplasty was advocated. Considering the large distances in this region and the presence of a regional SAMU, prehospital thrombolysis would improve the reperfusion rates.
Data from the Brazilian ACS registry (ACCEPT) have shown a reperfusion rate of 88% in patients with STEMI (85.4% of the cases by primary angioplasty and 14.6% by thrombolysis); however, only 49.6% of the patients in the registry were covered by SUS. In addition, this registry included reference centers and 60.3% of participants from southeastern regions of the country. 26 In contrast, the GRACE registry has reported a reperfusion rate of 70% and a difference in the type of reperfusion according to the geographic location and type of hospital. 27 None of these registries included centers with the logistical complexity of the Northern Region of MG.
In the present study, all patients with STEMI and pain duration > 12 hours underwent angioplasty. However, only 40.2% of the patients had a precise indication for the procedure (cardiogenic shock or pain recurrence). The remaining patients were asymptomatic and had occlusion of the culprit artery.
The use of aspirin within 24 hours and at hospital discharge presented satisfactory indices, between 96.6% and 93.2%, in line with similar registries in the literature. [26] [27] [28] [29] Rates of administration of heparin were below those described in other registries: 63.8% in the overall cohort, 73.1% in the subgroup of patients with STEMI, and 52.3% in those with UA. An analysis of the Brazilian data included in the GRACE registry has shown that around 80% of the patients received heparin within 24 hours, 25 which is aligned with the finding of the ACCEPT registry. 23, 26, 27 We observed a high mortality rate and a low reperfusion rate in patients with STEMI, despite the presence in the region of an organized and regional SAMU, three catheterization labs available for intervention procedures, and hospitals with material and human resources. These data show that an improvement in results would require, in addition to material resources, integration of the health care network, implementation and adherence to an evidence-based protocol, and reperfusion methods chosen according to local circumstances. Simple measures of organization of assistance and effective involvement of all of those caring for the patients may promote substantial improvements in care, with potential impact on care indicators, morbidity, and mortality of patients with ACS. 30 In addition, the implementation of the system of care for ACS requires training and continuous education of the teams, in order to obtain greater adherence to the therapeutic measures established for MI. Finally, implementation of tele-ECG systems in emergency units and ambulances allow, as known, an early diagnosis of STEMI, increasing the possibility of timely reperfusion.
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Limitations
Due to logistic reasons, we did not collect data from patients with ACS admitted to regional hospitals. However, since the ACS care in the region was centralized in Montes Claros, we believe that the collected data reflect most cases in the region.
Conclusions
This study observed in the Northern Region of MG a high hospital mortality, low reperfusion rates in patients with STEMI, and insufficient adherence to protocols recommended for the treatment of ACS, suggesting that improvements in the health care process may reduce mortality and improve health care indicators. 
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